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A. Construction of pvvNADLd1ubiNS2 



1. RT-PCR fragment 1 
Bovine ubiquitin 



2. PCR fragment 2 
NS3 to Nsi I 



3. Restrict PCR fragment 3 
with PinA I and Nsi I 



4. Ligate fragment 3 
with pvvNADLd1NS2 
restricted with PinA I 
and Nsi I 
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B. Construction of p15aD1ubiNS2 



1. Restrict pvvNADLdl ubiNS2 
with Rsr If and Nsi I 



Npr o C EO E1 E2 
" ~ ' ' I I I 



p7 r BovUbH NS3 

3 NS3 NS4A NS4B 

HI ll. 



Rsr II 



Nsi I 



T7 
promoter 




pvvNADLdl ubiNS2 



2. Isolate Rsr II and Nsi I fragment 
from pvvNADLdl ubiNS2 



E2 p7 r BovUbK NS3 



Rsr II 



>|-BovUOi-j 



Nsi I 



3. Ligate fragment with pNADLp15A 
restricted with Rsr II and Nsi I 
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4. Plasmid p15aD1ubiNS2 
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Figure 1 B 



C. Construction of p15aDI 



1. Restrict plasmid p15aD1ubiNS2 
with Sac I and PinA I 
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2. Create blunt ends 
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3. Retigate to create 
P 15aDI 
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Figure 1C 




D. Construction of pBVDdN6 



Xho l 



1. PCR fragment 1 
NproA-BovUbi 



2. PCR fragment 2 
BovUbi to E2 
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Combine fragments 1 and 2 
as PCR templates for 
fragment 3 



3. Restrict PCR fragment 3 
with Xho I and Rsr II 



Xho I 
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4. Ligate fragment 3 
with pNADLp15a 
restricted with Xho I 
and Rsr II 
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*vj^^gtatacgagaattagaaaaggcactcgtatacgtattgggcaattaaaaataataattaggcctagggaacaaatccctct 
• ^^-Xao**^ cagcgaaggccgaaaagaggctagccatgcccttagtaggactagcataatgaggggggtagcaacagtggtgagttcgtt 
ggatggcttaagccctgagtacagggtagtcgtcagtggttcgacgccttggaataaaggtctcgagatgccacgtggacg 
agggcatgcccaaagcacatcttaacctgagcgggggtcgcccaggtaaaagcagttttaaccgactgttacgaatacagc 
ctgatagggtgctgcagaggcccactgtattgctactaaaaatctctgctgtacatggcacatggagttgatcacaaatga 
acttttatacaaaacatacaaacaaaaacccgtcggggtggaggaacctgtttatgatcaggcaggtgatcccttatttgg 
tgaaaggggagcagtccaccctcaatcgacgctaaagctcccacacaagagaggggaacgcgatgttccaaccaacttggc 
atccttaccaaaaagaggtgactgcaggtcgggtaatagcagaggacctgtgagcgggatctacctgaagccagggccact 
attttaccaggactataaaggtcccgtctatcacagggccccgctggccggtatgcagatcttcgtgaagaccctgaccgg 
caagaccatcaccctggaggtggagcccagtgacaccatcgagaacgtgaaggccaagatccaggataaggaaggcattcc 
ccctgaccagcagaggctcatctttgccggcaagcagctggaagatggccgcactctttctgattacaacatccagaaaga 
gtcgaccctgcacctggtcctccgtctgaggggtggttcagacacgaaagaagagggagcaacaaaaaagaaaacacagaa 
acccgacagactagaaagggggaaaatgaaaatagtgcccaaagaatctgaa 

aaagacagcaaaactaaacctccggatgctacaatagtggtggaaggagtcaaataccaggtgaggaagaagggaaaaacc 
aagagtaaaaacactcaggacggcttgtaccataacaaaaacaaacctcaggaatcacgcaagaaactggaaaaagcattg 
ttggcgtgggcaataatagctatagttttgtttcaagttacaatgggagaaaacataacacagtggaacctacaagataat 
gggacggaagggatacaacgggcaatgttccaaaggggtgtgaatagaagtttacatggaatctggccagagaaaatctgt 
actggcgtcccttcccatctagccaccgatatagaactaaaaacaattcatggtatgatggatgcaagtgagaagaccaac 
tacacgtgttgcagactt caacgccatgagtggaacaagcatggttggtgcaactggtacaatattgaaccctggattcta 
gtcatgaatagaacccaagccaatctcactgagggacaaccaccaagggagtgcgcagtcacttgtaggtatgatagggct 
agtgacttaaacgtggtaacacaagctagagatagccccacacccttaacaggttgcaagaaaggaaagaacttctccttt 
gcaggcatattgatgcggggcccctgcaactttgaaatagctgcaagtgatgtattattcaaagaacatgaacgcattagt 
atgttccaggatactactctttaccttgttgacgggttgaccaactccttagaaggtgccagacaaggaaccgctaaactg 
acaacctggttaggcaagcagctcgggatactaggaaaaaagttggaaaacaagagtaagacgtggtttggagcatacgct 
gcttccccttactgtgatgtcgatcgcaaaattggctacatatggtatacaaaaaattgcacccctgcctgcttacccaag 
aacacaaaaattgtcggccctgggaaatttgacaccaatgcagaggacggca 

agatattacatgagatggggggtcacttgtcggaggtactactactttctttagtggtgctgtccgacttcgcaccggaaa 
cagctagtgtaatgtacctaatcctacatttttccatcccacaaagtcacgttgatgtaatggattgtgataagacccagt 
tgaacctcacagtggagctgacaacagctgaagtaataccagggtcggtctggaatctaggcaaatatgtatgtataagac 
caaattggtggccttatgagacaactgtagtgttggcatttgaagaggtgagccaggtggtgaagttagtgttgagggcac 
tcagagatttaacacgcatttggaacgctgcaacaactactgcttttttagtatgccttgttaagatagtcaggggccaga 
tggtacagggcattctgtggctactattgataacaggggtacaagggcacttggattgcaaacctgaattctcgtatgcca 
tagcaaaggacgaaagaattggtcaactgggggctgaaggccttaccaccacttggaaggaatactcacctggaatgaagc 
tggaagacacaatggtcattgcttggtgcgaagatgggaagttaatgtacctccaaagatgcacgagagaaaccagatatc 
tcgcaatcttgcatacaagagcct tgccgaccagtgtggt attcaaaaaactctttgatgggcgaaagcaagaggatgtag 
tcgaaatgaacgacaactttgaatttggactctgcccatgtgatgccaaacccatagtaagagggaagttcaatacaacgc 
tgctgaacggaccggccttccagatggtatgccccataggatggacagggactgtaagctgtacgtcattcaatatggaca 
ccttagccacaactgtggtacggacatatagaaggtctaaaccattccctcataggcaaggctgtatcacccaaaagaatc 
tgggggaggatctccataactgcatccttggaggaaattggacttgtgtgcc 

tggagaccaactactatacaaagggggctctattgaatcttgcaagtggtgtggctatcaatttaaagagagtgagggact 
accacactaccccattggcaagtgtaaattggagaacgagactggttacaggctagtagacagtacctcttgcaatagaga 
aggtgtggccatagtaccacaagggacattaaagtgcaagataggaaaaacaactgtacaggtcatagctat ggataccaa 
actcggacctatgccttgcagaccatatgaaatcatatcaagtgaggggcctgtagaaaagacagcgtgtactttcaacta 
cactaagacattaaaaaataagtattttgagcccagagacagctactttcagcaatacatgctaaaaggagagtatcaata 
ctggtttgacctggaggtgactgaccatcaccgggattacttcgctgagtccatattagtggtggtagtagccctcttggg 
tggcagatatgtactttggttactggttacatacatggtctt atcagaacagaaggccttagggattcagtatggatcagg 
ggaagtggtgatgatgggcaacttgctaacccataacaatattgaagtggtgacatacttcttgctgctgtacctactgct 
gagggaggagagcgtaaagaagtgggtcttactcttataccacatcttagtggtacacccaatcaaatctgtaattgtgat 
cctactgatgattggggatgtggtaaaggccgattcagggggccaagagtacttggggaaaatagacctctgtttt acaac 
agtagtactaatcgt cataggtt taatcatagccaggcgtgacccaactatagtgccactggtaacaataatggcagcact 
gagggtcactgaactgacccaccagcctggagttgacatcgctgtggcggtcatgactataaccctactgatggttagcta 
tgtgacagattattttagatataaaaaatggttacagtgcattctcagcctg 

gtat ctggggtgttcttgat aagaagcctaatatacctaggt agaatcgagatgccagaggtaactatcccaaactggaga 
ccactaactttaatactattatatttgatctcaacaacaattgtaacgaggtggaaggttgacgtggctggcctattgttg 
caatgtgtgcctatcttattgctggtcacaaccttgtgggccgacttcttaaccctaatactgatcctgcctacctatgaa 
ttggttaaattatactatctgaaaactgttaggactgatatagaaagaagttggctaggggggatagactatacaagagtt 
gactccatctacgacgttgat gagagtggagagggcgta tat ctttttccatcaaggcagaaagcacaggggaatttttct 
atactcttgccccttatcaaagcaacactgataagttgcgtcagcagtaaatggcagctaatatacatgagttacttaact 
ttggactttatgtactacatgcacaggaaagttatagaagagatctcaggaggtaccaacataatatccaggttagtggca 
gcact catagagctgaactggtccatggaagaagaggagagcaaaggcttaaagaagtttt atctattgtctggaaggttg 
agaaacctaataataaaacataaggtaaggaatgagaccgtggcttcttggtacggggaggaggaagtctacggtatgcca 
aagatcatgact ataatcaaggccagtacactgagt aagagcaggcactgcat aatatgcactgtatgtgagggccgagag 
tggaaaggt ggcacctgcccaaaat gtggacgccat gggaagccgat aacgtgtgggatgtcgctagcagatttcgaagaa 
agacactataaaagaatctttataagggaaggcaactttgagggtatgtgcagccgatgccagggaaagcataggaggttt 
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gaaatggaccgggaacctaagagtgccagatactgtgctgagtgtaataggc 
' tgcatcctgctgaggaaggtgacttttgggcagagtcgagcatgttgggcctcaaaatcacctactttgcgctgatggatg 
gaaaggtgtatgatatcacagagtgggctggatgccagcgtgtgggaatctccccagatacccacagagtcccttgtcaca 
tctcatttggttcacggatgcctttcaggcaggaatacaatggctttgtacaatataccgctagggggcaactatttctga 
gaaacttgcccgtactggcaactaaagtaaaaatgctcatggtaggcaaccttggagaagaaattggtaatctggaacatc 
ttgggtggatcctaagggggcctgccgtgtgtaagaagatcacagagcacgaaaaatgccacattaatatactggataaac 
taaccgcatttttcgggatcatgccaagggggactacacccagagccccggtgaggttccctacgagcttactaaaagtga 
ggaggggtctggagactggctgggcttacacacaccaaggcgggataagttcagtcgaccatgtaaccgccggaaaagatc 
tactggtctgtgacagcatgggacgaactagagtggtttgccaaagcaacaacaggttgaccgatgagacagagtatggcg 
tcaagactgactcagggtgcccagacggtgccagatgttatgtgttaaatccagaggccgttaacatatcaggatccaaag 
gggcagtcgttcacct ccaaaagacaggtggagaattcacgtgtgtcaccgcatcaggcacaccggctttcttcgacctaa 
aaaacttgaaaggatggtcaggcttgcctatatttgaagcctccagcgggagggtggttggcagagtcaaagtagggaaga 
atgaagagtctaaacctacaaaaataatgagtggaatccagaccgtctcaaaaaacacagcagacctgaccgagatggtca 
agaagataaccagcatgaacaggggagacttcaagcagattactttggcaac 

aggggcaggcaaaaccacagaactcccaaaagcagttatagaggagataggaagacacaagagagtattagttcttatacc 
attaagggcagcggcagagtcagtctaccagtatatgagattgaaacacccaagcatctcttttaacctaaggatagggga 
catgaaagagggggacatggcaaccgggataacctatgcatcatacgggtacttctgccaaatgcctcaaccaaagctcag 
agctgctatggtagaatactcatacatattcttagatgaataccattgtgccactcctgaacaactggcaattatcgggaa 
gatccacagattttcagagagtataagggttgtcgccatgactgccacgccagcagggtcggtgaccacaacaggtcaaaa 
gcacccaatagaggaattcatagcccccgaggtaatgaaaggggaggatcttggtagtcagttccttgatatagcagggtt 
aaaaataccagtggatgagatgaaaggcaatatgttggtttttgtaccaacgagaaacatggcagtagaggtagcaaagaa 
gctaaaagctaagggctataactctggatactattacagtggagaggatcca.gccaatctgagagttgtgacatcacaatc 
cccctatgtaatcgtggctacaaatgctattgaatcaggagtgacactaccagatttggacacggttatagacacggggtt 
gaaatgtgaaaagagggtgagggtatcatcaaagatacccttcatcgtaacaggccttaagaggatggccgtgactgtggg 
tgagcaggcgcagcgtaggggcagagtaggtagagtgaaacccgggaggtattataggagccaggaaacagcaacagggtc 
aaaggactaccactatgacctcttgcaggcacaaagatacgggattgaggatggaatcaacgtgacgaaatcctttaggga 
gatgaattacgattggagcctatacgaggaggacagcctactaataacccag 

ctggaaatactaaataatctactcatctcagaagacttgccagccgctgttaagaacataatggccaggactgatcaccca 
gagccaatccaacttgcatacaacagctatgaagtccaggtcccggtcctattcccaaaaataaggaatggagaagtcaca 
gacacctacgaaaattactcgtttctaaatgccagaaagttaggggaggatgtgcccgtgtatatctacgctactgaagat 
gaggatctggcagttgacctcttagggctagactggcctgatcctgggaaccagcaggtagtggagactggtaaagcactg 
aagcaagtgaccgggttgtcctcggctgaaaatgccctact agtggctttatttgggtatgtgggttaccaggctctctca 
aagaggcatgtcccaatgataacagacatatataccatcgaggaccagagactagaagacaccacccacctccagtatgca 
cccaacgccataaaaaccgatgggacagagactgaactgaaagaactggcgtcgggtgacgtggaaaaaatcatgggagcc 
atttcagattatgca.gctgggggactggagtttgttaaatcccaagcagaaaagataaaaacagctcct.ttgtttaaagaa 
aacgcagaagccgcaaaagggtatgtccaaaaattcattgactcattaattgaaaataaagaagaaataatcagatatggt 
ttgtggggaacacacacagcactatacaaaagcatagctgcaagactggggcatgaaacagcgtttgccacactagtgtta 
aagtggctagcttttggaggggaatcagtgtcagaccacgtcaagcaggcggcagttgatttagtggtctattatgtgatg 
aataagccttccttcccaggtgactccgagacacagcaagaagggaggcgattcgtcgcaagcctgttcatctccgcactg 
gcaacctacacatacaaaacttggaattaccacaatctctctaaagtggtgg 

aaccagccctggcttacctcccctatgctaccagcgcattaaaaatgttcaccccaacgcggctggagagcgtggtgatac 
tgagcaccacgatatataaaacatacctctctataaggaaggggaagagtgatggattgctgggtacggggataagtgcag 
ccatggaaatcctgtcacaaaacccagtatcggtaggtatatctgtgatgttgggggtaggggcaatcgctgcgcacaacg 
ctattgagtccagtgaacagaaaaggaccctacttatgaaggtgtttgtaaagaacttcttggatcaggctgcaacagatg 
agctggtaaaagaaaacccagaaaaaattataatggccttatttgaagcagtccagacaattggtaaccccctgagactaa 
tataccacctgtatggggtttactacaaaggttgggaggccaaggaactatctgagaggacagcaggcagaaacttattca 
cattgataatgtttgaagccttcgagttattagggatggactcacaagggaaaataaggaacctgtccggaaattacattt 
tggatttgatatacggcctacacaagcaaatcaacagagggctgaagaaaatggtactggggtgggcccctgcacccttta 
gttgtgactggacccctagtgacgagaggatcagattgccaacagacaactatttgagggtagaaaccaggtgcccatgtg 
gctatgagatgaaagctttcaaaaatgtaggtggcaaacttaccaaagtggaggagagcgggcctttcctatgtagaaaca 
gacctggtaggggaccagtcaactacagagtcaccaagtattacgatgacaacctcagagagataaaaccagtagcaaagt 
tggaaggacaggtagagcactactacaaaggggtcacagcaaaaattgactacagtaaaggaaaaatgctcttggccactg 
acaagtgggaggtggaacatggtgtcataaccaggttagctaagagatatac 

tggggtcgggttcaatggtgcatacttaggtgacgagcccaatcaccgtgctctagtggagagggactgtgcaactataac 
caaaaacacagtacagtttctaaaaatgaagaaggggtgtgcgttcacctatgacctgaccatctccaatctgaccaggct 
catcgaactagtacacaggaacaatcttgaagagaaggaaatacccaccgctacggtcaccacatggctagcttacacctt 
cgtgaatgaagacgtagggactataaaaccagtactaggagagagagtaatccccgaccctgtagttgatatcaatttaca 
accagaggtgcaagtggacacgtcagaggttgggatcacaataattggaagggaaaccctgatgacaacgggagtgacacc 
tgtcttggaaaaagtagagcctgacgccagcgacaaccaaaactcggtgaagatcgggttggatgagggtaattacccagg 
gcctggaatacagacacatacactaacagaagaaatacacaacagggatgcgaggcccttcatcatgatcctgggctcaag 
gaattccatatcaaatagggcaaagactgctagaaatataaatctgtacacaggaaatgaccccagggaaatacgagactt 
gatggctgcagggcgcatgttagtagtagcactgagggatgtcgaccctgagctgtctgaaatggtcgatttcaaggggac 
ttttttagatagggaggccctggaggctctaagtctcgggcaacctaaaccgaagcaggttaccaaggaagctgttaggaa 
tttgatagaacagaaaaaagatgtggagatccctaactggtttgcatcagatgacccagtatttctggaagtggccttaaa 
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aaatgataagtactacttagtaggagatgttggagagctaaaagatcaagctaaagcacttggggccacggatcagacaag 
aattataaaggaggtaggctcaaggacgtatgccatgaagctatctagctgg 

ttcctcaaggcatcaaacaaacagatgagtttaactccactgtttgaggaattgttgctacggtgcccacctgcaactaag 
agcaataaggggcacatggcatcagcttaccaattggcacagggtaactgggagcccctcggttgcggggtgcacctaggt 
acaataccagccagaagggtgaagatacacccatatgaagcttacctgaagttgaaagatttcatagaagaagaagagaag 
aaacctagggttaaggatacagtaataagagagcacaacaaatggatacttaaaaaaataaggtttcaaggaaacctcaac 
accaagaaaatgctcaacccagggaaactatctgaacagttggacagggaggggcgcaagaggaacatctacaaccaccag 
attggtactataatgtcaagtgcaggcataaggctggagaaattgccaatagtgagggcccaaaccgacaccaaaaccttt 
catgaggcaataagagataagatagacaagagtgaaaaccggcaaaatccagaattgcacaacaaattgttggagattttc 
cacacgatagcccaacccaccctgaaacacacctacggtgaggtgacgtgggagcaacttgaggcgggggtaaatagaaag 
ggggcagcaggcttcctggagaagaagaacatcggagaagtattggattcagaaaagcacctggtagaacaattggtcagg 
gatctgaaggccgggagaaagataaaatattatgaaactgcaataccaaaaaatgagaagagagatgtcagtgatgactgg 
caggcaggggacctggtggttgagaagaggccaagagttatccaataccctgaagccaagacaaggctagccatcactaag 
gtcatgtataactgggtgaaacagcagcccgttgtgattccaggatatgaaggaaagacccccttgttcaacatctttgat 
aaagtgagaaaggaatgggactcgttcaatgagccagtggccgtaagttttg 

acaccaaagcctgggacactcaagtgactagtaaggatctgcaacttattggagaaatccagaaatattactataagaagg 
agtggcacaagttcattgacaccatcaccgaccacatgacagaagtaccagttataacagcagatggtgaagtatatataa 
gaaatgggcagagagggagcggccagccagacacaagtgctggcaacagcatgttaaatgtcctgacaatgatgtacggct 
tctgcgaaagcacaggggtaccgtacaagagtttcaacagggtggcaaggatccacgtctgtggggatgatggcttcttaa 
taactgaaaaagggttagggctgaaatttgctaacaaagggatgcagattcttcatgaagcaggcaaacctcagaagataa 
cggaaggggaaaagatgaaagttgcctatagatttgaggatatagagttctgttctcataccccagtccctgttaggtggt 
ccgacaacaccagtagtcacatggccgggagagacaccgctgtgatactatcaaagatggcaacaagattggattcaagtg 
gagagaggggtaccacagcatatgaaaaagcggtagccttcagtttcttgctgatgtattcctggaacccgcttgttagga 
ggatttgcctgttggtcctttcgcaacagccagagacagacccatcaaaacatgccacttattattacaaaggtgatccaa 
taggggcctataaagatgtaataggtcggaatctaagtgaactgaagagaacaggctttgagaaattggcaaatctaaacc 
taagcctgtccacgttgggggtctggactaagcacacaagcaaaagaataattcaggactgtgttgccattgggaaagaag 
agggcaactggctagttaagcccgacaggctgatatccagcaaaactggccacttatacatacctgataaaggctttacat 
tacaaggaaagcattatgagcaactgcagctaagaacagagacaaacccggt 

catgggggttgggactgagagatacaagttaggtcccatagtcaatctgctgctgagaaggttgaaaattctgctcatgac 
ggccgtcggcgtcagcagctgagacaaaatgtatatatt.gtaaataaattaatccatgtacatagtgtatataaatatagt 
tgggaccgtccacctcaagaagacgacacgcccaacacgcacagctaaacagtagtcaagattatctacctcaagataaca 
ctacatttaatgcacacagcactttagctgtatgaggatacgcccgacgtctatagttggactagggaagacctctaacag 
ccccc 
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gtatacgagaattagaaaaggcactcgtatacgtattgggcaattaaaaataataattaggcctagggaacaaatccctc 
tcagcgaaggccgaaaagaggctagccatgcccttagtaggactagcataatgaggggggtagcaacagtggtgagttcg 
ttggatggcttaagccctgagtacagggtagtcgtcagtggttcgacgccttggaataaaggtctcgagatgccacgtgg 
acgagggcatgcccaaagcacatcttaacctgagcgggggtcgcccaggtaaaagcagttttaaccgactgttacgaata 
cagcctgatagggtgctgcagaggcccactgtattgctactaaaaatctctgctgtacatggcacatggagttgatcaca 
aatgaacttttatacaaaacatacaaacaaaaacccgtcggggtggaggaacctgtttatgatcaggcaggtgatccctt 
atttggtgaaaggggagcagtccaccctcaatcgacgctaaagctcccacacaagagaggggaacgcgatgttccaacca 
acttggcatccttaccaaaaagaggtgactgcaggtcgggtaatagcagaggacctgtgagcgggatctacctgaagcca 
gggccactattttaccaggactataaaggtcccgtctatcacagggccccgctggccggtatgcagatcttcgtgaagac 
cctgaccggcaagaccatcaccctggaggtggagcccagtgacaccatcgagaacgtgaaggccaagatccaggataagg 
aaggcattccccctgaccagcagaggctcatctttgccggcaagcagctggaagatggccgcactctttctgattacaac 
atccagaaagagtcgaccctgcacctggtcctccgtctgaggggtggttcagacacgaaagaagagggagcaacaaaaaa 
gaaaacacagaaacccgacagactagaaagggggaaaatgaaaatagtgcccaaagaatctgaaaaagacagcaaaacta 
aacctccggatgctacaatagtggtggaaggagtcaaataccaggtgaggaagaagggaaaaaccaagagtaaaaacact 
caggacggcttgtaccataacaaaaacaaacctcaggaatcacgcaagaaactggaaaaagcattgttggcgtgggcaat 
aatagctatagttttgtttcaagttacaatgggagaaaacataacacagtggaacctacaagataatgggacggaaggga 
tacaacgggcaatgttccaaaggggtgtgaatagaagtttacatggaatctggccagagaaaatctgtactggcgtccct 
tcccatctagccaccgatatagaactaaaaacaattcatggtatgatggatgcaagtgagaagaccaactacacgtgttg 
cagacttcaacgccatgagtggaacaagcatggttggtgcaactggtacaatattgaaccctggattctagtcatgaata 
gaacccaagccaatctcactgagggacaaccaccaagggagtgcgcagtcacttgtaggtatgatagggctagtgactta 
aacgtggtaacacaagctagagatagccccacacccttaacaggttgcaagaaaggaaagaacttctcctttgcaggcat 
attgatgcggggcccctgcaactttgaaatagctgcaagtgatgtattattcaaagaacatgaacgcattagtatgttcc. 
aggatactactctttaccttgttgacgggttgaccaactccttagaaggtgccagacaaggaaccgctaaactgacaacc 
tggttaggcaagcagctcgggatactaggaaaaaagttggaaaacaagagtaagacgtggtttggagcatacgctgcttc 
cccttactgtgatgtcgatcgcaaaattggctacatatggtatacaaaaaattgcacccctgcctgcttacccaagaaca 
caaaaattgtcggccctgggaaatttgacaccaatgcagaggacggcaagatattacatgagatggggggtcacttgtcg 
gaggtactactactttctttagtggtgctgtccgacttcgcaccggaaacagctagtgtaatgtacctaatcctacattt 
ttccatcccacaaagtcacgttgatgtaatggattgtgataagacccagttgaacctcacagtggagctgacaacagctg 
aagtaataccagggtcggtctggaatctaggcaaatatgtatgtataagaccaaattggtggccttatgagacaactgta 
gtgttggcatttgaagaggtgagccaggtggtgaagttagtgttgagggcactcagagatttaacacgcatttggaacgc 
tgcaacaactactgcttttttagtatgccttgttaagatagtcaggggccagatggtacagggcattctgtggctactat 
tgataacaggggtacaagggcacttggattgcaaacctgaattctcgtatgccatagcaaaggacgaaagaattggtcaa 
ctgggggctgaaggccttaccaccacttggaaggaatactcacctggaatgaagctggaagacacaatggtcattgcttg 
gtgcgaagatgggaagttaatgtacctccaaagatgcacgagagaaaccagatatctcgcaatcttgcatacaagagcct 
tgccgaccagtgtggtattcaaaaaactctttgatgggcgaaagcaagaggatgtagtcgaaatgaacgacaactttga-a 
tttggactctgcccatgtgatgccaaacccatagtaagagggaagttcaatacaacgctgctgaacggaccggccttcca 
gatggtatgccccataggatggacagggactgtaagctgtacgtcattcaatatggacaccttagccacaactgtggtac 
ggacatatagaaggtctaaaccattccctcataggcaaggctgtatcacccaaaagaatctgggggaggatctccataac 
tgcatccttggaggaaattggacttgtgtgcctggagaccaactactatacaaagggggctctattgaatcttgcaagtg 
gtgtggctatcaatttaaagagagtgagggactaccacactaccccattggcaagtgtaaattggagaacgagactggtt 
acaggctagtagacagtacctcttgcaatagagaaggtgtggccatagtaccacaagggacattaaagtgcaagatagga 
aaaacaactgtacaggtcatagctatggataccaaactcggacctatgccttgcagaccatatgaaatcatatcaagtga 
ggggcctgtagaaaagacagcgtgtactttcaactacactaagaca.ttaaaaaataagtattttgagcccagagacagct 
actttcagcaatacatgctaaaaggagagtatcaatactggtttgacctggaggtgactgaccatcaccgggattacttc 
gctgagtccatattagtggtggtagtagccctcttgggtggcagatatgtactttggttactggttacatacatggtctt 
atcagaacagaaggccttagggattcagtatggatcaggggaagtggtgatgatgggcaacttgctaacccataacaata 
ttgaagtggtgacatacttcttgctgctgtacctactgctgagggaggagagcgtaaagaagtgggtcttactcttatac 
cacatcttagtggtacacccaatcaaatctgtaattgtgatcctactgatgattggggatgtggtaaaggccgattcagg 
gggccaagagtacttggggaaaatagacctctgttttacaacagtagtactaatcgtcataggtttaatcatagccaggc 
gtgacccaactatagtgccactggtaacaataatggcagcactgagggtcactgaactgacccaccagcctggagttgac 
atcgctgtggcggtcatgactataaccctactgatggttagctatgtgacagattattttagatataaaaaatggttaca 
gtgcattctcagcctggtatctggggtgttcttgataagaagcctaatatacctaggtagaatcgagatgccagaggtaa 
ctatcccaaactggagaccactaactttaatactattatatttgatctcaacaacaattgtaacgaggtggaaggttgac 
gtggctggcctattgttgcaatgtgtgcctatcttattgctggtcacaaccttgtgggccgacttcttaaccctaatact 
gatcctgcctacctatgaattggttaaattatactatctgaaaactgttaggactgatatagaaagaagttggctagggg 
ggatagactatacaagagttgactccatctacgacgttgatgagagtggagagggcgtatatctttttccatcaaggcag 
aaagcacaggggaatttttctatactcttgccccttatcaaagcaacactgataagttgcgtcagcagtaaatggcagct 
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aatatacatgagttacttaactttggactttatgtactacat gcacaggaaagttatagaagagatctcaggaggtacca 

acataatatccaggttagtggcagcactcatagagctgaactggtccatggaagaagaggagagcaaaggcttaaagaag 

ttt tat eta ttgtctggaaggtt gaga aacctaataataaaacataaggtaaggaatgagaccgtggcttcttggtacgg 

ggaggaggaagtctacggtatgccaaagatcatgactataat caaggccagtacactgagtaagagcaggcactgcataa 

tatgcactgtatgtgagggccgagagtggaaaggtggcacctgcccaaaatgtggacgccatgggaagccgataacgtgt 

gggatgtcgctagcagatttcgaagaaagacactataaaagaatctttataagggaaggcaactttgagggtatgtgcag 

ccgatgccagggaaagcataggaggtttgaaatggaccgggaacctaagagtgccagatactgtgctgagtgtaataggc 

tgcatcctgctgaggaaggtgacttttgggcagagtcgagcatgttgggcctcaaaatcacctactttgcgctgatggat 

ggaaaggtgtatgatatcacagagtgggctggatgccagcgtgtgggaatctccccagatacccacagagtcccttgtca 

catctcatttggttcacggatgcctttcaggcaggaatacaatggctttgtacaatataccgctagggggcaactatttc 

tgagaaacttgcccgtactggcaactaaagtaaaaatgctcatggtaggcaaccttggagaagaaattggtaatctggaa 

catcttgggtggatcctaagggggcctgccgtgtgtaagaagatcacagagcacgaaaaatgccacattaatatactgga 

taaactaaccgcatttttcgggatcatgccaagggggactacacccagagccccggtgaggttccctacgagcttactaa 

aagtgaggaggggtctggagactggctgggcttacacacaccaaggcgggataagttcagtcgaccatgtaaccgccgga 

aaagatctactggtctgtgacagcatgggacgaactagagtggtttgccaaagcaacaacaggttgaccgatgagacaga 

gtatggcgtcaagactgactcagggtgcccagacggtgccagatgttatgtgttaaatccagaggccgttaacatatcag 

gatccaaaggggcagtcgttcacctccaaaagacaggtggagaattcacgtgtgtcaccgcatcaggcacaccggctttc 

ttcgacctaaaaaacttgaaaggatggtcaggcttgcctatatttgaagcctccagcgggagggtggttggcagagtcaa 

agt agggaagaatgaagagtctaaacctacaaaaataatgagtggaatccagaccgtctcaaaaaacacagcagacctga 

ccgagatggtcaagaagataaccagcatgaacaggggagactteaagcagattactttggcaacaggggcaggcaaaacc 

acagaactcccaaaagcagttatagaggagataggaagacacaagagagtattagttcttataccattaagggcagcggc 

agagtcagtctaccagtatatgagattgaaacacccaagcatctcttttaacctaaggataggggacatgaaagaggggg 

acatggcaaccgggataacctatgcatcatacgggtacttctgccaaatgcctcaaccaaagctcagagctgctatggta 

gaatactcatacatattcttagatgaataccattgtgccactcctgaacaactggcaattatcgggaagatccacagatt 

ttcagagagtataagggttgtcgccatgactgccacgccagcagggtcggtgaccacaacaggtcaaaagcacccaatag 

aggaattcatagcccccgaggtaatgaaaggggagga.tcttggtagtcagttccttgatatagcagggttaaaaatacca 

gtggatgagatgaaaggcaatatgttggtttttgtaccaacgagaaacatggcagtagaggtagcaaagaagctaaaagc 

taagggctataactctggatactattacagtggagaggatccagccaatctgagagttgtgacatcacaatccccctafg 

taatcgtggctacaaatgctattgaatcaggagtgacactaccagatttggacacggttatagacacggggttgaaatgt 

gaaaagagggtgagggtatcatcaaagatacccttcatcgtaacaggccttaagaggatggccgtgactgtgggtgagca 

ggcgcagcgtaggggcagagtaggtagagtgaaacccgggaggtattataggagccaggaaacagcaacagggtcaaagg 

actaccactatgacctcttgcaggcacaaagatacgggattgaggatggaatcaacgtgacgaaatcctttagggagatg 

aattacgattggagcctatacgaggaggacagcctactaataacccagctggaaatactaaataatctactcatctcaga 

agact tgccagccgctgttaagaacataatggccaggactgat cacccagagccaatccaacttgcatacaacagctatg 

aagtccaggtcccggtcctattcccaaaaataaggaatggagaagtcacagacacctacgaaaattactcgtttctaaat 

gccagaaagttaggggaggatgtgcccgtgtatatctacgctactgaagatgaggatctggcagttgacctcttagggct 

agactggcctgatcctgggaaccagcaggtagtggagactggtaaagcactgaagcaagtgaccgggttgtcctcggctg 

aaaatgccctactagtggctttatttgggtatgtgggttaccaggctctctcaaagaggcatgtcccaatgataacagac 

at at a taccatcgaggaccagagactagaagacaccacccacctccagt atgcacccaacgccataaaaaccgatgggac 

agagactgaactgaaagaactggcgtcgggtgacgtggaaaaaatcatgggagccatttcagattatgcagctgggggac 

tggagtttgttaaatcccaagcagaaaagataaaaacagctcctttgtttaaagaaaacgcagaagccgcaaaagggtat 

gtccaaaaattcattgactcattaattgaaaataaagaagaaataatcagatatggtttgtggggaacacacacagcact 

atacaaaagcatagctgcaagactggggcatgaaacagcgtttgccacactagtgttaaagtggctagcttttggagggg 

aatcagtgtcagaccacgt caagcaggcggcagttgatttagt ggt ctattatgtgat gaataagccttccttcccaggt 

gactccgagacacagcaagaagggaggcgat tcgtcgcaagcctgttca tct ccgcactggcaacct acacatacaaaac 

ttggaattaccacaatctctctaaagtggtggaaccagccctggcttacctcccctatgctaccagcgcattaaaaatgt 

tcaccccaacgcggctggagagcgtggtgatactgagcaccacgatatataaaacatacctctctataaggaaggggaag 

agtgatggattgctgggtacggggataagtgcagccatggaaatcctgtcacaaaacccagtatcggtaggtatatctgt 

gatgt tgggggtaggggcaatcgctgcgcacaacgctatt gagtccagt gaacagaaaaggaccctacttatgaaggtgt 

ttgtaaagaacttcttggatcaggctgcaacagatgagctggtaaaagaaaacccagaaaaaattat aatggccttattt 

gaagcagtccagacaattggtaaccccctgagactaatataccacctgtatggggtttactacaaaggttgggaggccaa 

ggaactatctgagaggacagcaggcagaaacttattcacattgataatgtttgaagccttcgagttattagggatggact 

cacaagggaaaataaggaacctgtccggaaattacattttggatttgatatacggcctacacaagcaaatcaacagaggg 

ctgaagaaaatggtactggggtgggcccctgcaccctttagttgtgactggacccctagtgacgagaggatcagattgcc 

aacagacaactatttgagggtagaaaccaggtgcccatgtggctatgagatgaaagctttcaaaaatgtaggtggcaaac 

ttaccaaagtggaggagagcgggcctttcctatgtagaaacagacctggtaggggaccagtcaactacagagtcaccaag 

tattacgatgacaacctcagagagataaaaccagtagcaaagttggaaggacaggtagagcactactacaaaggggtcac 
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agcaaaaattgactacagtaaaggaaaaatgctcttggccactgacaagtgggaggtggaacatggtgtcataaccaggt 
tagctaagagatatactggggtcgggttcaatggtgcatacttaggtgacgagcccaatcaccgtgctctagtggagagg 
gactgtgcaactataaccaaaaacacagtacagtttctaaaaatgaagaaggggtgtgcgttcacctatgacctgaccat 
ctccaatctgaccag get catcgaactagtacacaggaacaatcttgaagagaaggaaatacccaccgctacggt caeca 
catggctagcttacaccttcgtgaatgaagacgtaggg acta taaaaccagt act aggagagagagtaatccccgaccct 
gtagttgatatcaatttacaaccagaggtgcaagtggacacgtcagaggttgggatcacaataattggaagggaaaccct 
gatgacaacgggagtgacacctgtcttggaaaaagtagagcctgacgccagcgacaaccaaaactcggtgaagatcgggt 
tggatgagggtaattacccagggcctggaatacagacacatacactaacagaagaaatacacaacagggatgcgaggccc 
ttcatcatgatcctgggctcaaggaattccatatcaaatagggcaaagactgctagaaatataaatctgtacacaggaaa 
tgaccccagggaaatacgagacttgatggctgcagggcgcatgttagtagtagcactgagggatgtcgaccctgagctgt 
ctgaaatggtcgatttcaaggggacttttttagatagggaggccctggaggctctaagtctcgggcaacctaaaccgaag 
caggttaccaaggaagctgttaggaatttgatagaacagaaaaaagatgtggagatccctaactggtttgcatcagatga 
cccagtatttctggaagtggccttaaaaaatgataagtactacttagtaggagatgttggagagctaaaagatcaagcta 
aagcacttggggccacggatcagacaagaattataaaggaggtaggctcaaggacgtatgccatgaagctatctagctgg 
ttcctcaaggcatcaaacaaacagatgagtttaactccactgtttgaggaattgttgctacggtgcccacctgcaactaa 
gagcaataaggggcacatggcatcagcttaccaattggcacagggtaactgggagcccctcggttgcggggtgcacctag 
gtacaataccagccagaagggtgaagatacacccatatgaagcttacctgaagttgaaagatttcatagaagaagaagag 
aagaaacctagggttaaggatacagtaataagagagcacaacaaatggatacttaaaaaaataaggtttcaaggaaacct 
caacaccaagaaaatgctcaacccagggaaactatctgaacagttggacagggaggggcgcaagaggaacatctacaacc 
accagattggtactataatgtcaagtgcaggcataaggctggagaaattgccaatagtgagggcccaaaccgacaccaaa 
acctttcatgaggcaataagagataagatagacaagagtgaaaaccggcaaaatccagaattgcacaacaaattgttgga 
gattttccacacgatagcccaacccaccctgaaacacacctacggtgaggtgacgtgggagcaacttgaggcgggggtaa 
atagaaagggggcagcaggcttcctggagaagaagaacatcggagaagtattggattcagaaaagcacctggtagaacaa 
ttggtcagggatctgaaggccgggagaaagataaaatattatgaaactgcaataccaaaaaatgagaagagagatgtcag 
tgatgactggcaggcaggggacctggtggttgagaagaggccaagagttatccaataccctgaagccaagacaaggctag 
ccatcactaaggtcatgtataactgggtgaaacagcagcccgttgtgattccaggatatgaaggaaagacccccttgttc 
aacatctttgataaagtgagaaaggaatgggactcgttcaatgagccagtggccgtaagttttgacaccaaagcctggga 
cactcaagtgactagtaaggatctgcaacttattggagaaatccagaaatattactataagaaggagtggcacaagttca 
ttgacaccatcaccgaccacatgacagaagtaccagttataacagcagatggtgaagtatatataagaaatgggcagaga 
gggagcggccagccagacacaagtgctggcaacagcatgttaaatgtcctgacaatgatgtacggcttctgcgaaagcac 
aggggtaccgtacaagagtttcaacagggtggcaaggatccacgtctgtggggatgatggcttcttaataactgaaaaag 
ggttagggctgaaatttgctaacaaagggatgcagattcttcatgaagcaggcaaacctcagaagataacggaaggggaa 
aagatgaaagttgcctatagatttgaggatatagagttctgttctcataccccagtccctgttaggtggtccgacaacac 
cagtagtcacatggccgggagagacaccgctgtgatactatcaaagatggcaacaagattggattcaagtggagagaggg 
gtaccacagcatatgaaaaagcggtagccttcagtttcttgctgatgtatt.cctggaacccgcttgttaggaggatttgc 
ctgttggtcctttcgcaacagccagagacagacccatcaaaacatgccacttattattacaaaggtgatccaataggggc 
ctataaagatgtaataggtcggaatctaagtgaactgaagagaacaggctttgagaaattggcaaatctaaacctaagcc 
tgtccacgttgggggtctggactaagcacacaagcaaaagaataattcaggactgtgttgccattgggaaagaagagggc 
aactggctagttaagcccgacaggctgatatccagcaaaactggccacttatacatacctgataaaggctttacattaca 
aggaaagcattatgagcaactgcagctaagaacagagacaaacccggtcatgggggttgggactgagagatacaagttag 
gtcccatagtcaatctgctgctgagaaggttgaaaattctgctcatgacggccgtcggcgtcagcagctgagacaaaatg 
tatatattgtaaataaattaatccatgtacatagtgtatataaatatagttgggaccgtccacctcaagaagacgacacg 
cccaacacgcacagctaaacagtagtcaagattatctacctcaagataacactacatttaatgcacacagcactttagct 
gtatgaggatacgcccgacgtctatagttggactagggaagacctctaacagcccccgcggatctagaggagcatgcgac 
gtcaggtggcacttttcggggaaatgtgcgcggaacccctatttgtttatttttctaaatacattcaaatatgtatccgc 
teat gaga caataaccct gat aaatgcttcaat aat at tgaaaaaggaagagtatgagt attcaacatttccgtgtcgcc 
cttattcccttttttgcggcattttgccttcctgtttttgctcacccagaaacgctggtgaaagtaaaagatgctgaaga 
tcagttgggtgcacgagtgggttacatcgaactggatctcaacagcggtaagatccttgagagttttcgccccgaagaac 
gttttccaatgatgagcacttttaaagttctgctatgtggcgcggtattatcccgtattgacgccgggcaagagcaactc 
ggtcgccgcatacactattctcagaatgacttggttgagtactcaccagtcacagaaaagcatcttacggatggcatgac 
agtaagagaattatgcagtgctgccataaccatgagtgataacactgcggccaacttacttctgacaacgatcggaggac 
cgaaggagctaaccgcttttttgcacaacatgggggatcatgtaactcgccttgatcgttgggaaccggagctgaatgaa 
gccataccaaacgacgagcgtgacaccacgatgcctgtagcaatggcaacaacgttgcgcaaactattaactggcgaact 
acttactctagcttcccggcaacaattaatagactggatggaggcggataaagttgcaggaccacttctgcgctcggccc 
ttccggctggctggtttattgctgataaatctggagccggtgagcgtgggtctcgcggtatcattgcagcactggggcca 
gatggtaagccctcccgtatcgtagttatctacacgacggggagtcaggcaactatggatgaacgaaatagacagatcgc 
tgagataggtgcctcactgattaagcattggtaactgtcagaccaagtttactcatatatactttagattgatttaaaac 
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ttcatttttaatttaaaaggatctaggtgaagatcctttttgataatctcatgaccaaaatcccttaacgtgagttttcg 
ttccactgagcgtcagaccccgtagaaaagatcaaaggatcttcttgagatcctttttttctgcgcgtaatctgctgctt 
gcaaacaaaaaaaccaccgctaccagcggtggtttgtttgccggatcaagagctaccaactctttttccgaaggtaactg 
gcttcagcagagcgcagataccaaatactgtccttctagtgtagccgtagttaggccaccacttcaagaactctgtagca 
ccgcctacatacctcgctctgctaatcctgttaccagtggctgctgccagtggcgataagtcgtgtcttaccgggttgga 
ctcaagacgatagttaccggataaggcgcagcggtcgggctgaacggggggttcgtgcacacagcccagcttggagcgaa 
cgacctacaccgaactgagatacctacagcgtgagctatgagaaagcgctcaaagatgcaggggtaaaagctaaccgcat 
ctttaccgacaaggcatccggcagttcaacagatcgggaagggctggatttgctgaggatgaaggtggaggaaggtgatg 
tcattctggtgaagaagctcgaccgtcttggccgcgacaccgccgacatgatccaactgataaaagagtttgatgctcag 
ggtgtagcggttcggtttattgacgacgggatcagtaccgacggtgatatggggcaaatggtggtcaccatcctgtcggc 
tgtggcacaggctgaacgccggaggatcctagagcgcacgaatgagggccgacaggaagcaaagctgaaaggaatcaaat 
ttggccgcaggcgtaccgtggacaggaacgtcgtgctgacgcttcatcagaagggcactggtgcaacggaaattgctcat 
cagctcagtattgcccgctccacggtttataaaattcttgaagacgaaagggcctcgtgatacgcctatttttataggtt 
aatgtcatgataataatggtttcttagacgtcaggtggcacttttcggggaaatgtgcgcggaacccctatttgtttatt 
tttctaaatacattcaaatatgtatccgctcatgagacaataaccctgataaatgcttcaataatattgaaaaaggaaga 
gtatgagtattcaacatttccgtgtcgcccttattcccttttttgcggcattttgccttcctgtttttgctcacccagaa 
acgctggtgaaagtaaaagatgctgaagatcagttgggtgcacgagtgggttacatcgaactggatctcaacagcggtaa 
gatccttgagagttttcgccccgaagaacgttttccaatgatgagcacttttaaagttctgctatgtggcgcggtattat 
cccgtgttgacgccgggcaagagcaactcggtcgccgcatacactattctcagaatgacttggttgagtactcaccagtc 
acagaaaagcatcttacggatggcatgacagtaagagaattatgcagtgctgccataaccatgagtgataacactgcggc 
caacttacttctgacaacgatcggaggaccgaaggagctaaccgcttttttgcacaacatgggggatcatgtaactcgcc 
ttgatcgttgggaaccggagctgaatgaagccataccaaacgacgagcgtgacaccacgatgcctgcagcaatggcaaca 
acgttgcgcaaactattaactggcgaactacttactctagcttcccggcaacaattaatagactggatg'gaggcggataa 
agttgcaggaccacttctgcgctcggcccttccggctggctggtttattgctgataaatctggagccggtgagcgtgggt 
ctcgcggta teat tgcagcactggggccagatggtaagccctcccgtatcgtagt tat ctacacgacggggagt caggca 
Actatggatgaacgaaatagacagatcgctgagataggtgcctcactgattaagcattggtaactgtcagaccaagttta 
ctcatatatactttagattgatttaaaacttcatttttaatttaaaaggatctaggtgaagatcctttttgataatctca 
tgaccaaaatcccttaacgtgagttttcgttccactgagcgtcagaccccttaataagatgatcttcttgagatcgtttt 
ggtctgcgcgtaatctcttgctctgaaaacgaaaaaaccgccttgcagggcggtttttcgaaggttctctgagctaccaa 
ctctttgaaccgaggtaactggcttggaggagcgcagtcaccaaaacttgtcctttcagtttagccttaaccggcgcatg 
acttcaagactaactcctctaaatcaattaccagtggctgctgccagtggtgcttttgcatgtctttccgggttggactc 
aagacgatagttaccggataaggcgcagcggtcggactgaacggggggttcgtgcatacagtccagcttggagcgaactg 
cctacccggaactgagtgtcaggcgtggaatgagacaaacgcggccataacagcggaatgacaccggtaaaccgaaaggc 
aggaacaggagagcgcacgagggagccgccagggggaaacgcctggtatctttatagtcctgtcgggtttcgccaccact 
gatttgagcgtcagatttcgtgatgcttgtcaggggggcggagcctatggaaaaacggctttgccgcggccctctcactt 
ccctgttaagtatcttcctggcatcttccaggaaatctccgccccgttcgtaagccatttccgctcgccgcagtcgaacg 
accgagcgtagcgagtcagtgagcgaggaagcggaatatatcctgtatcacatattctgctgacgcaccggtgcagcctt . 
ttttctcctgccacatgaagcacttcactgacaccctcatcagtgccaacatagtaagccagtatacactccgctagcgc 
cacgcgtatcgatgaattcgttaatacgactcactata 

SEQ ID NO:12 
FIGURE 2B 
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GROWTH CURVE OF BVDV MUTANTS IN MDBK CELL SYSTEM 



9i 




^ 1 r 1 r 1 1 i 1 i i : i : i 

0 6 12 18 24 30 36 42 48 54 60 66 72 

Hours following Inoculation 



FIGURE 4 



